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METHOD OF OPERATING TDD/VIRTUAL FDD HIERARCHICAL CELLULAR 
TELECOMMUNICATION SYSTEM 

The present invention relates to a method of operating a time division 
duplexing/virtual frequency division duplexing (TDD/virtual FDD) hierarchical cellular 
system in the context of a cell and sector deployment technique, in particular, though 
not exclusively, the present invention relates to a method of an unused resource 
borrowing mechanism and operation in such a network. 

Most operators have been allocated two or more (FDD) carriers in the recent 
Universal Mobile Telecommunications System (UMTS) frequency allocations. In 
principle, an allocation of one pair of FDD carriers allows the operation of only a single 
network layer. Two paired carriers can cater for a two-layer structure, such as a macro- 
cell layer together with a micro-cell or pico-cel! layer. In hot-spot areas highly loaded 
cells can be given extra capacity by adding another carrier to the cell, which would be 
more effective than Increasing the base station transmission power, as described by 
Jaana Laiho ; Achlm VVscker. and Tornas Novosad, ec'.. Radio Network Planning and 
Optimisation for UMTS, John Wiley & Sons, Ltd.. 2002. 

One of the promising possible approaches is (he TDD and FDD hierarchical 
cellular structure, which consists of a FDD macro-cell layer and a TDD micro-ceil or 
pieo-celi layer. In such a system, the TDD carrier Is allocated for supporting hot-spot 
areas with highly asymmetric traffic with relatively low mobility. In general, the FDD cell 
and TDD ceil use a different carrier In order to cope with Inter-system interference. 
However., there still exists the adjacent channel Interference (AC!) as s system 
performance degradation factor which is depicted in FIG, 1 ; as described by Haraid 
Haas. Sieve Mclaughlin, and Gordon Povey. "The Effect of Interference Between the 



TDD and FDD Mode in UMTS at the Boundary of 1820 MHz/' in proceedings of IEEE 
6th Intern. Syrnp. On Spread-Spectrum Tech. & AppK., NJ!T. NJ, USA, pp. 486-490, 
SepL 6-8, 2000. in their work, It has been shown that the effect of interference from the 
TDD carrier to FDD uplink Is more significant and the trade-off for the optima! 3S 
locations. 

Another proposal is the exploitation of underused radio spectrum of a cellular 
CDMA-FDD system (since one communication direction of an FDD interface will be 
underused) which is named TDO/^DD underlay system proposed by Harsld Haas and 
Gordon Povey. "Apparatus, Method of and System for improving Capacity in 
Communication Network;' international Patent Application Number: PCT/GB9S/02223. 
25 July 1998 and by Haraid Haas and Gordon Povey, "Capacity Analysis of A TDD 
Underlay Applicable to UMTS," In Proceeding of P;MR98, pp 167-171. in this idea, a 
co-existing TDD Interface with an unpaired frequency spectrum utilises the underused 
FDD frequency band for additional connections, and the TDD Is only considered to be 
operated in the FDD uplink hand due to an anticipated channel asymmetry In favour of 
the downlink. The authors reported substantial capacity gains without a significant 
deterioration of the QoS and proposed strategies to cope with the additional 
interference caused by channel borrowing techniques; that Is the TDD base station (BS) 
should ideally located to at a distance of about half the FDD eel! radius. 

Irrespective of the strategies adopted TDD/FDD underlay system still suffers AC! 
at the boundary of TDD and FDD uplink band and the additional Interference caused by 
FDD uplink borrowing technique, since the TDD base station must use both frequency 
hands simultaneously in order to borrow underused FDD uplink resource. The 
interference scenario in such a system Is Illustrated in FIG. 1 where the TDD mobile 



station (MS) 18 and TDD BS 15 suffer severs interference from the POD MS 14 with 
high transmission power at FDD uplink, and vies versa the TDD BS 15 also interferes 
with the reception of the FDD BS 11. As shown In RG. 1, the ACi types at the boundary 
of TDD arid FDD carrier band are quite similar to thai of TDD/FDD underlay system 
borrowing underused FDD uplink spectrum. For our Investigation in this invention, these 
two Interference types such ss ACI and the additional interference are taken into 
account. 

it ss an aim of embodiments of the present Invention to at least partly 
mitigate the above-mentioned probiems.lt is another aim of the present invention to 
reduce the additional interference in a TDD/FDD hierarchical underlay system, in 
particular in a sectored cellular system since the sectoriation method can achieve the 
capacity enhancement without additional carrier. 

it is another aim of the present invention to maximize the overall system capacity 
in the context of efficient resource borrowing reflecting additional Interference condition 
and underused resource. 

According to a first aspect of the present invention there is provided a cellular 
communication system supporting at least two different duplexing schemes, comprising: 

a plurality of mobile stations; 

at least one fixed station communicating with the mobile stations using a first 
duplexing scheme, the first fixed station defining a macro cell; and 

at least, one second fixed station communicating with the mobile station using a 
second duplexing scheme, the second fixed station defining a micro or pico cell located 
Inside a boundary of the macro cell 

Preferably the first duplexing scheme Is a frequency division duplexing (FDD). 



Conveniently the second duplexing scheme is a time division duplexing (TDD). 

Advantageously the macro ceil Is sectored a? an azimuth angle so as to form a 
plurality of macro sectors each having an identical size. 

Preferably the macro ceil is sectored at the same azimuth angle with the macro 
cell so as to form as many micro sectors as the number of the macro sectors. 

Conveniently the micro cell locates in one of the macro sectors. 

Advantageously each macro or micro sector is identified by a unique sector 

code. 

Preferably me mobile station located at the macro sector can borrow underused 
resources assigned for the macro sector of which azimuth is identical with that of the 
micro sector. 

Conveniently the first and second fixed stations form sector beams using 
adaptive bearnforming antennas for focusing on the mobile stations. 
Advantageously the azimuth angle Is 120 degrees. 

According to a second aspect of the present invention there is provided a 
cellular communication system supporting at least two different duplexing schemes, 
comprising: 

a plurality of mobile stations; 

at less! three first fixed stations communicating with the mobile stations using a 
first-duplexing scheme., the first fixed stations defining respective macro ceils that are 
contiguous and a virtual cell: and 

3 micro or pico ceil duster including at least one second fixed station 
communicating with the mobile stations using 3 second-duplexing scheme, the second 
fixed station defining a micro or pico cell located In the virtual cell. 



Preferably each macro cell is sectored so as to form three macro sectors -having 
respective sector beams directed form the first fixed station. 

Conveniently the micro cell is sectored so as to form three micro sectors having 
respective sector beams directed from the second fixed station at different angles. 

Advantageously the micro ceil is sectored so as to form three micro sectors 
having respective sector beams directed from the second fixed station at different 
angles. 

Preferably the macro and micro sectors are distinguished from each other by 
sector specific-codes. 

Conveniently the virtual ceil is formed with three macro sectors of which sector 
beams are directed from the different first fixed stations at different angles. 

Advantageously the sector beam of each macro sector has a main lobe in 
parallel with a main lobe of any of the micro sectors. 

Preferably the micro cell duster is located at a center of the virtual cell. 

Conveniently the rnobile stations located at the micro sector can borrow 
underused resources assigned for the macro sector having identical main Sobe direction 

Advantageously the first and second fixed stations form the sector beams using 
adaptive beamforrning antennas for focusing on the mobile terminals. 

According to a third aspect of the present Invention there is provided a cellular 
communication system supporting both a time division duplexing (TDD) scheme and a 
frequency division duplexing (FDD) scheme, comprising; 

a plurality of mobile stations; 



a! least three first fixed stations communicating with the mobile station based on 
the R)D scheme, the first fixed station defining respective macro cells that are 
contiguous and a virtual cell: and 

a clusier including at ieast one second fixed station communicating with the 
5 mobiSe st3tbns based on the TDD scheme, the second fixed station defining a micro or 
pico ceil in the virtual cell. 

Preferably the duster locates coaxially with the virtual cell. 
Conveniently each macro ceil is sectored at azimuth angles so as to form three 
macro sectors covered by respective sector beams directed from the first fixed station. 

Advantageously each micro ceil is sectored at the azimuth angles as for the 
macro sector so as to form three micro sectors covered by respective sector beams 
directed from the second fixed station. 

Preferably the virtual ceil is formed with three macro sectors belonged to the 
different macro ceils formed at different azimuth angles. 

Conveniently the mobile station located at the micro sector can borrow 
underused resources assigned for the macro sector of which azimuth angle is Identical 
with that of the micro sector. 

Advantageously the first and second fixed stations form the sector beams using 
adaptive beamformlng a?y\Brman for focusing on the mobile station. 

According to a fourth aspect of the present invention there is provided a method 
for constructing cellular communication system supporting communications between 
fixed stations and mobile stations based on both a frequency division duplexing (FDD) 
and a time division duplexing (TDD) schemes, comprising; 



6 



forming at least three contiguous macro cells defined by respective FDD-based 
fixed stations; 

forming at least one cluster including at least one micro or p!co cell defined by a 
TDD-based fixed station; and 

forming a virtual cell surrounded by the FDD-based fixed stations. 
Preferably the cluster locates coaxsaliy with the virtual cell. 
Conveniently each macro cell is sectored at azimuth angles so as to form three 
macro sectors covered by respective sector beams directed from the first fixed station. 

Advantageously each micro ceii is sectored at the az-muih angles for the macro 
sector so as to room three micro sectors covered by respective sector beams directed 
from the second fixed station. 

Preferably the virtual cell is formed vvsth three macro sectors belonged to the 
different macro ceils formed at different azimuth angles. 

Conveniently the mobile station located at the micro sector can borrow 
underused resources assigned for the macro sector of which azimuth angle is Identical 
with thai of the micro sector. 

Advantageously the first and second fixed stations form the sector beams using 
adaptive beamfcrming antennas for focusing on the mobile stations. 

According to a fifth aspect of the present invention there is provided a method 
for allocating radio resource in cellular communication system supporting 
communications between fixed stations and mobile stations based on bath a frequency 
division duplexing (FDD) and a time division duplexing (TDD) scheme, comprising; 
receiving, at a TDD fixed station, a call request from a TDD mobile station; 
determining whether or not TDD resource is available; 



allocating the I DD resource to the TDD mobile station when the TDD resource 
is available; 

borrowing resource from a FDD fixed station, when the TDD resource is not 
avasiabie: and 

allocating the FDD resource to the TDD mobile station according to an priority of 
the TDD mobile station. 

Preferably the borrowing resource further comprises: 

determining whether or not underused FDD resource available at any FDD 

earner: 

determining whether or not to borrow underused FDD resource If the underused 
resource available; 

determining e priority of the TOO mobile stations if it is determined to borrow the 
underused FDD resource. 

Conveniently the borrowing resource further comprises determining whether or 
not to apply an adaptive bearnformlng for determining the priority of the TDD mobile 
station. 

Advantageously the determining whether or not to borrow the underused FDD 
resource includes: 

allowing the TDD mobile station to measure a first intersystem interference 

(jmSjnmr^Ys)', 

comparing the first intersystem interference {i mj r,^} received from the TOD 
mobile station with 3 predetermined first interference margin threshold {/ r „ W5 ); and 

determining to borrow the underused FDD resource when the first Intersystem 
interference (ius^^) is less than or equal to the first interference margin threshold 



Um^s}- Preferably the first intersysiem interference {/ ws , sys } is from FDD 
mobile stations to the TDD mobile station. 

Conveniently the determining whether or not to apply the adaptive 
bea reforming includes: 

measuring at the TDD fixed station a second Inter system interference (/ ss 

comparing the second inter-system interference {/s^ ; ^. sys )with a second 
Interference margin threshold (/ w _ss): and 

applying the adaptive beamforming when the second inter-system interference 
(fesj*ter. S ys} Is not less than the second interference margin threshold {i Th BS ). 

Advantageously the second inter system interference ijss * s from ^OD 

mobile stations to the TDD fixed station. 

Embodiments of the present invention provide a ceil and sector planning method 
and a resource borrowing method for TDD/virtual FDD underlay cellular system. The 
benefits of the proposed TDD/virtual FDD hierarchical ceiiuiar system modes are 
twofold- to keep a reasonable distance between the TDD BS and the FDD BS In order 
to suppress Interference In a schematic way and to fully utilise the surrounding three 
FDD BSs' resources as macro-diversity entitles that may allow a flexible and easy- 
resource borrowing mechanism. 

Furthermore., the interference resolving technique of the present Invention heips 
to align the TDD sector beern director} with the FDD one and use an adaptive beam 
forming method to avoid the additional interference caused by a FDD MS. From the 
radio resource borrowing mechanism perspective, the flexible share algorithm of 



underused FDD spectrum among carriers is another goal achieved by embodiments of 
this invention. 

Preferably the present invention provides a cell and sector planning method and a 
resource borrowing method for TDO/VMual FDD underlay cellular system, and a flexible 
and easy resource borrowing mechanism. Furthermore, the interference resolving 
technique embodiments of this invention aligns the TDD sector beam direction with the 
FDD one and uses an adaptive beam forming method to avoid the additional 
interference caused by 3 FDD MS. 

Preferably embodiments of the present Invention provide 3 cellar 
communication system supporting both a time division duplexing (TDD) scheme and a 
frequency division duplexing {FDD} scheme which comprises a plurality of mobile 
stations, at least three first fixed stations communicating with the mobile station based 
on the FDD scheme, the first fixed station defining respective macro cells that are 
contiguous and a virtual cell, a cluster including at least one second fixed station 
communicating with the mobile stations based on the TDD scheme, the second fixed 
station defining a micro cell in the virtual ceil. 

Advantageously embodiments of the present Invention provide a method for 
constructing cellular communication system supporting communications between fixed 
stations and mobile stations based on both a frequency division duplexing (FDD) and a 
time division duplexing (TDD) schemes which comprises forming at least three 
contiguous macro cells defined by respective FDD-based fixed stations, forming at least 
one cluster Including at least one micro ceil defined by a TDD -based fixed station, and 
forming a virtual cell surrounded by the FDD-based fixed stations. 
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Conveniently embodiments of the present invention provide a method for 
allocating radio resource in cellular communication system supporting communications 
between fixed stations and mobile stations based on both a frequency division 
duplexing (FDD) and a time division duplexing (TDD) schemes which comprises 
receiving, at a TDD fixed station, a call request from a TOD mobile station, determining 
whether or not TDD resource is available, allocating the TDD resource to the TOD 
mobile station when the TDD resource is available, borrowing resource from a FDD 
fixed station, when the TDD resource Is not available, and allocating the FDD resource 
to the TDD mobile station according to an priority of" the TDD mobile station. 

The accompanying drawings, which are included to provide a further 
understanding of the invention and are incorporated in and constitute a part of this 
application, illustrate embodiments) of the invention by way of example only and 
together with the description serve to explain the principle of the invention. In the 
drawings; 

FIG.1 is a schematic view Illustrating the Inter-system interference In a 
conventional FDD/TDD hierarchical cellular system. 

FIG. 2 is a conceptual view Illustrating a TDD/virtual FDD hierarchical system 
according to a preferred embodiment of the present invention. 

FsG.Sa is a schematic view illustrating mitigation of the inter-system interferences 
in the TDD/virtual FDD hierarchical system according to the preferred embodiment of 
the present invention, 

FIG. 3b is a diagram illustrating how the underused FDD resource Is borrowed to 
TDD system. 



FIG 4 is a flowchart illustrating the mechanism of resource borrowing from 
underused FDD carriers according to the preferred embodiment of the present invention. 

FIG. 5 is a conceptual view Illustrating possible interference power level 
perceived by TDD BSs and MSs in a specific sector of concern for the TDD/virtue! FDD 
merercnical system according to the preferred embodiment of the present invention. 

FIG. 8 is a How chart illustrating how to allocate resource in the TDD/virtuai FDD 
hierarchical cellular system according to the preferred embodiment of the present 
invention. 

The idea of TDD/virtuai FDD hierarchical system 

The 1 DD/viriua) FDD hierarchical cellular system mode; according to a preferred 
embodiment of the present invention achieves 3 twofold gain. Firstly, it can keep a 
reasonable distance between the tqd 3S and the FDD BS to suppress the AC! and the 
additional interference whether borrowing underused other spectrum or not. Secondly, It 
can fully utilise three surrounding FDD BSs ; resources as macro-diversity entires so that 
a flexible and easy resource borrowing mechanism could be used. The TDD/virtuai FDD 
hierarchical cellular system model according to the preferred embodiment of the present 
invention is depicted in FIG. 2, and the mitigated interference scenario after rolling out 
such a system is depicted at FIG. 3a and FIG. 3b. In the preferred embodiment of the 
present invention each cell is sectorized Info 3 sectors for explanation convenience. 

As illustrated in FIG. 2, TDD cells cover pico- or micro-cell layer and FDD cells 
cover macro-cell layer. 



Three adjacent FDD BSs 21. 22, and 23 derine respective macro cells and also 
define 8 virtual ceil 20 that are consisted of adjacent macro sectors VI V2 ; and V3 
belonged to the respective macro cells. 

Also., the adjacent TDD BSs 31. 32, and 33 define respective micro cells SI, S2, 
and S3 so as to form a micro ceil cluster CI . 

The micro ceil S1 is sectorized so as to form three micro sectors 311. S12, and 
S13, the micro ceil S2 is sectorized into three micro sectors S21, S22, and S23, and the 
micro cell S3 is of micro sectors S31 , S3?, and S33. 

The micro ceil cluster CI is located at the center of the virtual ceil 20, i.e., at the 
boundary of the macro ceils. 

in this structure, TDD carrier is allocated for covering hot-spot areas supporting 
highly asymmetric traffic with relatively tow mobility. Following the Investigation of 
TDD/FDD underlay, as described by Haralcl Haas and Gordon Povey, "Capacity 
Analysis of A TDD Underlay Applicable to UMTS," in Proceeding of PIMR99, pp.167-17'1, 
the TDD BS should ideally located to at a distance of about half the FDD cell radius. 
Tftus, if is reasonable that three TDD cells cluster are located at FDD macro-cell 
boundary as in FIG. 2, since FDD macro-cei! BS covers the centre zone dose to BS by 
transmitting higher BS power level. Note that this location is dependent on the TDD and 
FDD cell sizes. In general, the sectorisatfon technique is used to obtain the frequency 
reuse efficiency in cellular communication systems, resulting In capacity Increase of the 
ceil by dividing one ceil into several sectors. Thus, with this principle, the sectored TDD 
and FDD hierarchical cellular system can guarantee capacity enhancement. 

in FIG. 2. we consider just a three TDD cell cluster example, but more than three 
TDD cells can gather with much smaller radius. Thus, not every TDD BSs can keep a 



reasonable distance from the FDD BS, but if TDD celis cluster are located as like in FIG. 
2. 

An important idea of this Invention is the method of how to align the sectored TDD 
cefls ' be3ms and th « adaptive beam forming mechanism to avoid ACi if TOD band and 
HOD uplink band are contiguous and the additional interference caused by FDD MS 
when applying the underused resource borrowing technique. 

Assuming that each FDD sector has its own sector-specific scrambling code to 
discriminate It from other sectors or other ceils* sectors from rts own sector, and each 
TDD sector also use its own sector-specific code. The TDD/virtual FDD hierarchical cell 
deployment method when is as fallows: 

TDD and virtual FDD sectors 5 beam direction and ceil alignment 

1} The main lobe direction of a FDD sector beam should be aligned parallel with a 
TDD sector beam so as to mitigate the interference from MS PO o to TDD BS, e.g. second 
FDD BS's sector beam (V2) and second TDD BS's sector beam in FIG. 2, and to 
avoid the interference from the TDD BS to the FDD BS due to the directivity of sector 
antenna's beam pattern. The sector antenna of second TDD BS (Sx) cannot radiate 
backward and receive the signal behind the back lobe of rts beam. Thus, the 
interference caused by MS FO o 41 located behind the back lobe of TDD sector S& is no 
longer influenced. This rule can be applied to other TDD sectors $ 12 and S Xi . 

2} Since the two TDD sectors S 21 and S 23 are likely to experience the Interference 
from MSfoo 41 and cause Interference to second FDD BS 22, the procedure 1} should 
be applied to only TDD sectors having the same direction of its sector main beam lobe. 
That is to say. the sectors Si 2 , S :::> and S 32 should be aligned with second FDD 8S2 22 



in parallel. With similar reasoning, sectors $ s1i S 2 u and are aligned with the first FDD 
BS 21, and S ?3l S 23 . and S33 with third FDD BS 23. in N multiple TDD ceils within a 
vlrtuai cell, each TDD sector 5 s (j = U N , A e {u,3}} should be aligned with an FDD 

BS x. If the TDD cell Is divided into M TDD sectors, each sector 5, {* - 12...., M ) should 
be aligned with the corresponding FDD BS x depending on the set of sectors having the 
same beam direction with FDD BS x. All TDD sectors are divided into three sets of 
sectors of which total azimuth angle must be within 120 degree. 

For contiguous TDD band and FDD upiink band 

3} If the underused resource borrowing technique Is not applied, this mechanism 
of procedure 1) and 2} can also be used for suppressing the AC! caused at the boundary 
of UTRA TDD band and FDD uplink band. Even If the TDD SS doesn't use the same 
frequency as the FDD uplink band, adjacent channel Interference is incurred at the 
boundary of 1S20 MHz in the UMTS system, as described by Haraid Haas, Steve 
McLaughlin, and Gordon Povey, The Effect of interference Between the TDD and FDD 
Mode In UMTS a! the Boundary of 192G MHz/ In proceedings of IEEE 8th Intern. Symp. 
On Spread-Spectrum Tech. & Appll , NJ1T, NJ, USA, pp. 488-490. Sept. 6-8, 2000. 

With this mechanism and structure, the AC I from the TDD BS to the FDD BS and 
from the TDD MS to the FDD BS Is completely eliminated only If these two BSs' sector 
beam lobes have the same direction. Even though the other sectors cannot resolve 
these interferences completely, this mechanism can guarantee a considerable 
interference resolving effect. Moreover, s considerable amount of the interference from 
FDD MSs to TDD BS can be suppressed In a schematic way. This scenario Is shown in 



FIG. 3a and HG. 3b. As shown In FIG. 3a, the ACIs from TDD 8S 15 and TDD MS 13 
to the FDD BS and from FDD MS 14 to TDD BS are mitigated. Also, the additional 
interferences from the TDD BS 15 to FDD BS 11 and from FDD MS 14 to TDD BS 15 
are mitigated. The additional Interferences are caused by borrowing FDD UL resource, 
as shown in FIG. 3b where the underused FDD UL resource is borrowed to for TDD cell, 
The thick empty arrows indicates the AC I and crossed marks mitigated interference link 
due to this cell and sector alignment method in a TDD/virtual FDD hierarchical system. 

For sharing and borrowing underused FDD uplink 

4} When the underused resource borrowing technique is applied, this should be 
carefully coordinated along with a sector and ceil alignment planning technique. 
Following procedure of the TDD and virtual FDD sectors' beam alignment method as set 
forth in procedure 1 ) and 2), the key proposed sharing and borrowing method is that 
MStw in sector S u \x e {1X3} ) can borrow an underused FDD BS x's uplink resource if 
available. For example, MS TD o located in sector S i2 , S 22 , and $ x can share and borrow 
the underused resource (i.e. code slots if the FDD system \* using CDMA, time slot for 
T'DMA, or composite time/code/frequency slot for TDD-QFDM-CDMA) of second FDD 
BS 22. With the similar reasoning. MS 7 dd In sector S i} , and S 31 can borrow the 
underused resource in the first FDD BS 21. If N multiple TDD cells within a virtual cell. 
MStdd users in each TDD sector 5 _ (j - U..., N ,x s {1,2,3}) can be allowed to borrow 
the underused resource in FDD BS x. For M TDD sectors In 3 TDD cell. 
S if ik - 12,.. . M }, MStdd users can borrow and share the underused resource of FDD 
BS x which are decided by segmenting multiple sector into corresponding sectors such 
16 



as S u (x = mQQ(L(M / 3}} + \ ) within 120 degree toiai azimuth angle: e.g. for 6 sector 
with the same besm angle, S, k {k e {U}} is related to the first FDD BS 21. Therefore, 
the TDD/virtual FDD hierarchical cellular structure by its schematic feature can obtain a 
strong advantage in terms of fully exploiting seciorisation gain and suppressing 
additional interference caused by resource borrowing mechanism . 

5} Another idea of the current invention is to use smart antenna {or adaptive 
beam forming) technique rather than use sectored antenna in such a way that smart 
antenna beam or adaptiveiy formed beam focused on MS-dd can further reduce the 
interference from MSroo to TDD 8S, thanks to the selectivity of antenna beam. However. 
TDD users in a same sector can suffer the additional adjacent channel interference at 
the boundar/ of TDD band and FDD uplink band, which are incurred from some other 
users borrowing adjacent frequency spectrum In that some TDD users are using their 
own original TDD frequency band while other additional resource borrowers are using 
contiguous FDD uplink band. For this reason, it is necessary to apply either a smart 
antenna or an adaptive beam forming. However, if if is allowed to ail the TDD users 
Including resource borrowers In the same sector use the same time slot partitioning (I.e. 
the same time slot frame structure), the additional adjacent channel interference ;s no 
longer matter of concern. Thus, this method can enhance the interference suppressing 
feature of the proposed TDD/virtuai FDD system. 

The Idea of underused resource borrowing algorithm With smart antenna in 
a TDD/viftual FDD hierarchical system 



Note that as shown in FIG. 2, three TDD BSs 31, 32. and 33 and corresponding 
three SdjacSnt FDD BSs ' sectors V1 > V2. and V3 making up a virtual cell, are located 
such that It Is easier to control the radio resource as well as the underused resource 
from the three FDD BSs 21, 22, and 23, which are connected to the same radio network 
controifer (RNC) 50. 

Therefore, if the underused spectrum is not limited to the adjacent carrier such as 
the FDD uplink band but extended to multi-carriers or extra carriers, this smart antenna 
or adaptive beam forming technique incorporated with the TDD/virtuaf FDD hierarchical 
cellular system structure can deliver a further degree of freedom to control the radio 
resource, such that In a hot-spot area (i.e. TDD area), narrow and directional beams can 
guarantee reliable links to TDD HSDPA users and release available resources from 
conventional bands or additional bands. It can be easily performed since three TDD BSs 
31, 32. and 33 and corresponding three adjacent FDD BSs' sectors VI, V2 ; and V3 in 
the virtual cell 20 can lead the RNC 50 to have a more flexible resource management 
control. 

Eventually, with this technique the overall system capacity can be optimised by 
exploiting underused frequency resource and distributing unbalanced load. Note that. 
DM s S-hDD uplink having at least 3 carriers and an extra band around 2.5 GHz are 
considered to be used for the high speed data packet access (HSDPA; purpose. The 
mechanism of deciding which sectors and which TDD MS users are preferable to borrow 
the underused resource at any carrier is illustrated In FIG. 4, which is performed by- 
measuring the inter-system Interference and judging the available resource to be shared. 

Once the MS too requests in a specific sector the new call to the TDD SS, the 
TDD 33 checks the remaining resource available and sends back information of 



whether to use its own TDD resource or underused resource at other earners. If the 
load status of the TDD SS's sector of interest Is overloaded and needs extra resource, 
the TDD SS asks and checks the resource availability of the corresponding FDD BS (in 
real situation the RNC controls and performs this function), which are already decided 
by the sectors and ceil alignment method as described above, if the sector of interest is 
S ;s (J - LZ.... ;V , .x e { 1,2,3}, the FDD BS x is of concern. 

The procedure blocks from 5 to 13 describe the interference measurement 
procedure, the information exchange flow, the resource borrowing and smart antenna 
application decision procedure and its criteria. The simple way of infer-sysfem and inter- 
frequency measurement is to use the idle time slots without traffic when the h4S TD r, is not 
an active state. Since the MSroo opens to the neighbouring MSpcq s interfering signals 
when they transmitting at the same frequency band {e.g. the FDD uplink), he or she can 
measure the inter-system interference (called kisj^s^} during the idle time slots. In 
addition to this interference, another main interference source is from the MSpcdS to the 
TDD BS, i.e. issju^sys- These two types of interference are used for the resource 
borrowing and smart antenna application decision criteria at procedure 7 in FIG. 4. Here, 
the interference margin threshold (h^us) Is defined by the amount of admissible 
interference level with which the TDD BS can decide whether to use the resource 
borrowing method or not and this is perceived and collected at the TDD BS based on 
the reported measurement Information from every MStdd as well as 3S itself. This level 
is a time-varying random variable and dependent on the FDD MS users' distribution 
within a FDD sector and a TDD sector of interest. For an arbitrary user / borrowing a 
FDD resource and transmititng at the FDD uplink frequency, the bit energy to 



Interference ratio e" = (E h / / o r of the TDD downlink can be denoted as 

where r ;; is the received signal power from the desired TDD user / and//*** is 
the received signal power from the FDD MS users of the FDD uplink, which is 
considered as a mutually Independent random variable since the location of the FDD 
MS is relative to every TDD user. k yoD is the total number of interfering FDD MS users 
with TDD MS users, ;?and Wis the beck ground thermal noise spectral density and the 
tolas bandwidth, respectively, and pg is the processing gain, defined as the ratio of the 
channel bandwidth to the information bit rate (pg: = ) of the yth user at 

downlink.;-;' is the desired downlink <EJ/ 9 f t for the user / The admissible load 
condition can be written as 

Z-f<="f,^ ^(1-*. (2) 

if the inter-system interference experienced by the additional TDD MS users can 
be expressed as 

; , - I/>/" & . (3) 
We can get the interference margin threshold as a value to meet the maxima! 
load condition for all the additional TDD MS users, which can found as 
'iS pg"' p " w , 

/: ™< - > ■ 7 — ~ — (1 - 7) and <?* > y\jbr j ~ ;.,2,..., A'?" 5 (4? 

i r , +rjW R ' j j - • ■ >t>i> • ' 



where A ^ is the total number of TDD MS users requesting the underutilised 
resource of other carrier when the maximum capacity of TDD sector was reached 
saturated and there is not any available TDD resource. With similar reasoning, the inter- 
system interference perceived by the TDD B3 sector and the interference threshold at 
the TDD BS can be derived as following 

* - r £ r => = > =--■- « — i'i - rt\ iQ) 

and thus. 

= ; -^-~ T - ?7ffVbr / = 1.2 (?) 

where ail terms denotes the same entities except for the superscript u meaning 
the TDD uplink replacing with of in Equation from (1) to (5). Note thai the BS interference 
threshold (hh_es) is considerable smaller than the interference margin threshold (/ w 
sines the TDD BS suffers much less inter-system interference caused by FDD MS users 
due to the proposed hierarchical sectors alignment method. If it has still residual 
interference irrespective of this strategy that can be observed by periodical measuring 
the mier-system interference during the idle time slots, the TDD BS can decide whether 
to utilise the smart antenna technique or not, based on this BS ini&nerevce threshold 
Vth^bs) criterion. This ensures the further interference suppressing and the reliable link 
■to the resource borrowers. 



The possible inter-system interference power level perceived by the TDD BSs 
and MSs is depicted in FIG. 5. By collecting the interference measurement report from 
every MStdo corresponding its sector and cell, the resource borrowing and assigning 
aigontrtm as shown in FiG. 4 can delcide whether to use the resource borrowing 
technique with/without smart antenna technique (i.e. the procedure blocks from 6 to 10 
in FiG. 4), Note that the mechanism of selecting the related sectors and the TDD BS are 
described set forth in procedure 1 } and 2} 

At the decision stages of procedure 7, if the i m ^ er . SfS exceeds the interference 
margin threshold 0W?s) level, the required {£./ ftf cannot be guaranteed in that 
situation and thus, this call cannot be allowed to borrow the underused resource of the 
FDD carrier, h a similar manner, the SS Interference threshold {/w_s$) indicates the 
maximum admissible interference to decide as to applying smart antenna technique 
since the TDD BS suffers the inter-system interference caused by mainly FDD MS users 
although the TDD/virtua! FDD system structure of the current invention can reduce the 
inter-system interference. Thus., the smart antenna should be used if the perceived 
interference level is above h^ss level, but It should be carefully controlled compared to 
the inter-system interference margin threshold {Ith_ms) level. Thus, this eventually leads 
the RNC and the overall system to perform their function In a flexible and adaptive 
fashion. After deciding the preference list of which sector, users, and resource to be 
served, finally the BS assigns the resource to the requesting users. 

FIG, 6 is a flowchart for Illustrating how to allocate resource in the TDD/virtual 
FDD hierarchical cellular system according to the present invention. 

Once a TOO SS in e specific sector receives a new call from a MStdd at step 



S801, ihe TDD BS checks whether or not TDD remaining Resource is available at step 
3502. Sf It is determined that the remaining TDD resource Is available, the TDD BS 
allocates TDD resource to the MStdd at step S603. 

On the other hand, If it Is determined that the remaining TDD resource is not 
available, the TDD SS checks where or not there is underused resource available at 
any FDD earner at step S804. In order to determine the FDD resource availability; the 
TDD BS asks corresponding FDD 8S for the underused resource and resporssiveSy 
receives information of underused resource from the BS FDD. 

If there is underused resource available, the TDD BS allows MSroo to begin 
measuring a first inter-system interference caused MSfod s by using idle 

time slots at step S6G5 end measures by itself a second Inter-system interference f. 
'as_mfcMysj fern MSfod s to the TOD BS at step S506. Otherwise, the TDD BS returns 
the algorithm to the step S601 . 

Sequentially, the TDD SS receives the first inter-system interference ijm 
measured by the MSroo at step S607 and compare the same with 3 predetermined first 
interference margin threshold {Ith_ms) so as to determine whether or not the inter- 
system interference {im^-sys} » less than or equal to the first interference margin 
threshold (/tw_ms) at step S608. 

if the first inter-system interference {/,v5.;«,' f v-, ?ys ) is neither less than nor equai to 
ihe first interference margin threshold {Ith_ms), the TDD BS returns the algorithm to the 
step S601.. and otherwise, the TDD 8S compares the second inter-system interference 
(/ss_.««.'-s>.s) with a predetermined second interference margin threshold (/?■« 8 s) at step 
S609. As a result of the comparison, if the second inter-system interference Ubs >m^sys) 
is less than the second interference margin threshold ij 7 H.ssh the TDD 3S decides 
23 



priority of the M$ 7DD at step S611 and then allocate the underused FDD resource to the 
ws n» according to the assigned priority at step S612. 

At step S609. if the second inter-system interference (/asr_«*«^) is not less than 
the second interference margin threshold f/r* as), the TDD BS apply a smart antenna 
for deciding priority of the MStod- at step S610. 

As described above, the TDD/virtuai FDD hierarchical cellular system structure 
of tne invention, in combination with underused resource borrowing technique and 
smart antenna beam forming technique, is able to achieve less AC I and the additional 
inter-system interference by keeping a interference least distance between the TDD BS 
and the FDD 33 and fully utilise three surrounding FDD BSs' resources with which 
allowing to utilise a flexible resource borrowing mechanism. Since in such a hierarchical 
cellular system suppressing the interference can be performed by aligning the sectored 
TDD ceils' beams direction whether if uses the contiguous adjacent band of the 
boundary of the TDD band and the FDD uplink or the same frequency as the FDD 
uplink band. The further interference resolving improvement can be achieved, the 
micro- (o<- pico-} cell's overloaded traffic Into a macro-cell can be distributed, and 
moreover, the overall hierarchical cellular system's capacity can be optimized. 

The mechanism and the algorithm of underused resource borrowing with/without 
smart antenna technique proposed in this invention has been described, and It is 
capable of providing further adaptive and flexible way to cope with the unpredictable 
time-varying inter-system interference problem and thus, balancing the uneven traffic 
loads of the micro- for pico-} cells. 

With some modification of the interference scenarios the proposed TOD/Vlrtuai 
FDD hierarchical cellular structure of the invention can be applied to the TDD micro-ceil 



layer and the TDD rnacro-celi layer wherein using different frequency ham, as well as to 
TDD micro- (or pico~) ceil layer and FDD macro cell layer structure. In brief, the 
underutilised resource borrowing technique with the proposed interference resolving 
mechanism from rnacro-ceii's resource poo! can be applied to s generic multiple layer 
hierarchical cellular system wherein the macro-eel! users cause the additional 
interference to the micro- (or pico-) ceil users who borrowing the resource. 



1 . A cellar communication sysiem supporting at least two different duplexing 
schemes, comprising: 

a plurality of mobile stations: 

at least one fixed station communicating with the mobiie stations using a first 
duplexing scheme, the first fixed station defining a macro eel?; and 

at Ieasi one second fixed station communicating with the mobile station using a 
second duplexing scheme, the second fixed station defining a micro or pico cell located 
inside a boundary of the macro cell. 

2. A ceiluiar communication system of claim 1, wherein the first duplexing 
scheme is a frequency division duplexing (FDD). 

3. A ceiluiar communication system of claim 1 or claim 2, wherein the second 
duplexing scheme is a time division duplexing (TDD). 

4. A cellular communication system of claim 1, wherein the macro cell Is 
sectored at an azimuth angle so as to form a plurality of macro sectors each having an 
identical size. 

5. A cellular communication system of claim 4, wherein the micro ceii fs sectored 
at the same azimuth angle with the macro ceil so as to form as many micro sectors as 
the number of the macro sectors. 



5. A cellular communication system of claim 5, wheresn the micro ceil locates in 
one of the macro sectors. 

7. A cellular communication system of claim 6, wherein each macro or micro 
sector is identified by a unique sector code. 

8. A cellular communication system of claim 7, wherein the mobile station 
located at the macro sector can borrow underused resources assigned for the macro 
sector of which azimuth is identical with that of the micro sector. 

9. A ceSuiar communication system of claim 8, wherein the first and second 
fixed stations form sector beams using adaptive heamforming antennas for focusing on 
the mobile stations. 

10. A cellular communication system of claim 4, wherein the azimuth angle is 
120 degree. 

1 1 . A ceiluiar communication system supporting at least iwo different duplexing 
schemes, comprising; 

a plurality of mobile stations; 

at least three first fixed stations communicating with the mobile stations using a 
first-duplexing scheme, the first fixed stations defining respective macro cells that are 
contiguous and a virtual ceil; and 
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a micro or pica cell cluster Including at least one second fixed station 
communicating with the mobile stations using a second-duplexing scheme, the second 
fixed station defining a micro or pico ceil located in the virtual eel]. 

12. A cellular communication system of claim 11, wherein each macro cell is 
secured so ss to form three macro sectors having respective sector beams directed 
from the first fixed station at different angles. 

13. A cellular communication system of claim 11 or 12, wherein the micro cell is 
sectored so as to form, three micro sectors having respective sector beams directed 
from the second fixed station at different angles. 

14. A cellular communication system of claim 12 ; wherein the micro ceil is 
sectored so as to form three micro sectors having respective sector beams directed 

from the second fixed station at different angles. 

15. A ceiluler communication system of claim 14, wherein the macro and micro 
sectors are distinguished from each other by sector specific-codes. 

16. A cellular communication system of claim 14. wherein the virtual cell is 
formed with three macro sectors of which sector beams are directed from the different 
first fixed stations at different angles. 



17. A cellular communication system of claim 16, wherein the sector beam of 
each macro sector has a main lobe in paralie! with a main lobs of any of the micro 
sectors. 

18. A cefiuiar communication system of claim 17, wherein the micro cell duster is 
located at a center of me virtual cell. 

19. A cellular communication system of claim 18, wherein the mobile stations 
located at the micro sector can borrow underused resources assigned for the macro 
sector having identical main lobe direction in the virtual ceil, 

20. A cellular communication system of claim 18, wherein the first and second 
fixed stations form the sector beams using adaptive beamforming antennas for focusing 
on the mobile terminals. 

21. A ceiiuiar communication system supporting both a time division duplexing 
(TDD) scheme and a frequency division duplexing (FDD) scheme, comprising; 

3 plurality of mobile stations; 

a? least three first fixed stations communicating with the mobile station based on 
the FDD scheme, the first fixed station defining r^specfwe macro cells that are 
contiguous and a virtual cell; and 

a cluster Including at least one second fixed station communicating with the 
mobile stations based on the TDD scheme, the second fixed station defining a micro or 



22. A celiuiar communication system of claim 21, wherein the duster locates 
coaxlafiy with the virtue! ceil. 



23. 



Jiar communication system of claim 22. wherein each macro cell is 
sectored at azimuth angles so as to form three macro sectors covered by respective- 
sector beams directed from the first fixed station. 



24. A celiuiar communication system of claim 23, wherein each micro ceil is 
1 0 sectored at the azimuth angles as for the macro sector so as to form three micro sectors 

covered by respective sector beams directed from the second fixed station. 

25. A cellar communication system of cteim 24, wherein the virtual eel! is 
formed with three macro sectors belonged to the different macro ceils formed at 

1 5 different azimuth angles . 



26. A cellular communication system of claim 25, wherein the mobile station 
located at the micro sector can borrow underused resources assigned for the macro 
sector of which azsmuth angle is identical with that of the micro sector. 

27. A celiuiar communication system of claim 26, wherein the first and second 
fixed stations form the sector beams using adaptive beamforming antennas for focusino 
on the mobile stations. 
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28. A meSnoti for constructing cellular communication system supporting 
communications between fixed stations and mobile stations based on both a frequency 
division duplexing (FDD) and a time division duplexing (TOD) schemes, comprising: 

forming at least three contiguous macro cells defined by respective FDD-based 
fixed stations; 

forming si least one cluster including at least one micro or pico cell defined by a 
TDD- based fixed station: and 

forming a virtual ceil surrounded by the FDD-based fixed stations. 

29. A method of claim 28. wherein the cluster locates coaxiaily with the virtual 

cell. 

30. A method of claim 29 : wherein each macro ceil is sectored at azimuth angles 
so as to form three macro sectors covered by respective sector beams directed from the 
first fixed station. 

31 . A method of claim 30\ wherein each micro cell is sectored at the azimuth 
angles as for the macro sector so as to form three micro sectors covered by respective 
sector beams directed from the second fixed siation. 

32. A method of claim 31. wherein the virtual ceil is formed with three macro 
sectors belonged to the different macro cells formed at different azimuth angles. 



33. A cellular communication system of claim 32, wherein the mobile station 



located at the micro sector can borrow underused resources assigned for the macro 
sector of which azimuth angle is identical with that of the micro sector. 

34. A method of claim 33. wherein the first snd second fixed stations form the 
sector beams using adaptive beamforming antennas for focusing on the mobile stations. 

35. A method for allocating radio resource in cellular communication system 
supporting communications between fixed stations and mobile stations based on both a 
frequency division duplexing (FDD) and a time division duplexing (TDD) scheme, 
comprising: 

receiving, at a TDD fixed station, a call request from a TDD mobile station: 
determining whether or not TDD resource is available: 

allocating the TDD resource to the TDO mobile station when the TDD resource 
is available; 

borrowing resource from a FDD fixed station, when the TDD resource is not 
available: and 

allocating the FDD resource to the TDD mobile station according to an priority of 
the TDD mobile station. 

36. A method of claim 35, wherein the borrowing resource further comprises: 
determining whether or not underused FDD resource available at any FDD 

carrier: 

determining whether or not to borrow underused FDD resource if the underused 
resource available; 



determining a priority of the TDD mobile station if it is determined to borrow the 
underused FDD resource. 

37. A method of claim 36, wherein the borrowing resource further comprises 
determining whether or not to apply an adaptive beamforming for determining the 
priority of the TDD mobile station. 

38. A method of claim 36, wherein the determining whether or not to borrow the 
underused FDD resource includes: 

allowing the TDD mobile station to measure a first intersystem interference 

comparing the first intersystem interference ij m !nier - s/ s} received from the TDD 
mobile station with a predetermined first interference margin threshold (j 7H and 

determining to borrow the underused ^DD resource when the first intersystem 
interference {kisjmer-sys) is less lhan or equal to the first interference margin threshold 

39. A method of claim 38, wherein the first intersystem interference {/,<?<? tf ^ sy$ ) is 
from FDD mobile stations to the TDD mobile station. 

40. A method of claim 37. wherein the determining whether or not to apply the 
adaptive beamforming includes. 

measuring at the TDD fixed station a second inter system Interference {/ s .s 

sysK 



comparing the second inter-system Interference (/ 5S _ w ^}with a second 
interference margin threshold {i TH BS ); and 

applying the adaptive beamformmg when the second inter- system interference 
Vssjmenys) is not less than the second interference margin threshold {l rH asl 

41. A method of claim 40, wherein the second Inter system interference U BS ;nfer . 
sys ) Is from FDD mobile stations to the TDD fixed station. 

42. Apparatus constructed an arranged substantially as hereinbefore 
described with reference to the accompanying drawings. 

43. A method substantially as hereinbefore described with reference to the 
accompanying drawings. 
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